Abstract: Coal-bed methane (CBM), an important energy source, coproduces a vast amount of saline-sodic wastewater, CBM water (CBMW), with environmental and economic disposal issues. This research evaluated under a greenhouse production system the influence of gypsum (CaSO 4 ·2H 2 O) and CBMW on yields, essential oil (EO) content and composition in lemongrass (Cymbopogon flexuosus) and palmarosa (C. martinii), and on growth medium pH and available nutrients. CBMW treatments had higher pH than tap water treatment. Gypsum reduced pH in all CBMW treatments but did not affect pH in tap water treatment. While CBMW may increase the available Cu and Fe in growth medium, the application of gypsum may negate this effect. CBMW significantly increased growth medium Na. Gypsum increased growth medium S, and CBMW increased S in the high gypsum treatments. Palmarosa height, fresh weight, geranyl acetate, and isoneral in lemongrass EO were reduced, while geraniol in palmarosa EO increased with CBMW relative to tap water. In distillation waste plant tissue, CBMW increased Na in lemongrass and palmarosa by almost eight times; increased total P, S, and Mn in palmarosa; and reduced total N, S, Ca, and Mg in lemongrass and Ca in palmarosa, relative to tap water. This study demonstrated that CBMW may be used for greenhouse production of high-value crops, but it may affect the yields and oil content of some crops and growth medium characteristics.
Introduction
In the last few decades, coal-bed methane (CBM) became an important energy source for many countries. In the United States alone, the production of CBM in 2014 was around 41.51 billion m 3 of CBM gas compared to 2.5 billion m 3 in 1990 [1] , making it the largest producer (28.6%) of CBM in the world. About one-third of this amount was produced in Wyoming [1] .
Coal-bed methane occurs naturally in coal seams and is compressed there by water above it. To release the pressure and pump out the CBM, the water in the seams is pumped out first [2] . This co-produced water is referred to as coal-bed methane water (CBMW) and is considered wastewater by the U.S. EPA. For example, the Powder River Basin in Wyoming and Montana contains the largest
Materials and Methods

Plant Material and Growing Conditions
Two separate controlled-environment greenhouse experiments were carried out using the two high-value industrial crops: lemongrass (Cymbopogon flexuosus [Nees ex Steud.] Will. Watson) and palmarosa (C. martinii [Roxb.] Wats.), which are commercially grown as EO crops. Certified seeds of lemongrass and palmarosa were purchased from Richters Herbs (Goodwood, ON, Canada). Transplants were produced in a controlled-environment greenhouse with a day/night temperature regime of 22-25 • C and 18-20 • C, respectively, which lasted 50 days. Lemongrass and palmarosa seeds were planted in plastic cells (2-4 seeds/cell) filled with greenhouse growth medium (Sunshine Mix 1, Sun Gro Horticulture Canada Ltd, Seba Beach, AB, Canada). When the plants reached approximately 12 cm height, they were transplanted into 11.36 L plastic containers. Each container contained 3.3 kg of growth medium (Sunshine Mix 1). The experiments with lemongrass and palmarosa were conducted in the same greenhouse; the day/night temperature regime was 22-25 • C and 18-20 • C, respectively. Nitrogen (N), phosphorus (P), and potassium (K) were provided prior to transplanting with a slow-release fertilizer (Osmocote Plus 15N-9P-12K; Scotts-Sierra Horticultural Products Co., Marysville, OH, USA) estimated to provide N comparable to 150 kg ha −1 under field conditions. The fertilizer was applied to each container and mixed with the growth medium prior to transplanting. After transplanting, water-soluble fertilizer WSF (greenhouse grade NPK fertilizer containing 20N-8.8P-16.6K, Scotts-Sierra Horticultural Products Co., Marysville, OH, USA) providing 100 mg/kg of N was applied every 2 weeks to each container. We did not observe any pests, diseases or symptoms of nutrient deficiencies on lemongrass and palmarosa; therefore, no pesticides or additional nutrients were applied.
There were two factors in both studies: (1) two water sources: coal-bed methane water (CBMW) and tap (drinking) water, and (2) gypsum (CaSO 4 ·2H 2 O) at four levels: calculated to provide 0, 500, 1500, and 4500 kg ha −1 under field conditions. All treatment combinations were run for three replications. The rates of gypsum (CaSO 4 ·2H 2 O-97%; Ca-22.5%; S-18%; Diamond K Gypsum, Inc. Richfield, Utah) were applied individually to each container prior to transplanting and thoroughly mixed with the growth medium. The water treatments were initiated immediately after transplanting; each container received 600 mL water/day. The water application rates were increased to 1200 mL/day once the plants reached approximately 40-50 cm height to meet the increased evapotranspiration needs.
Harvest and EO Extraction
The lemongrass and palmarosa plants were grown for 60 days in the large containers until harvesting. Lemongrass was in the vegetative stage; this species of lemongrass does not reach flowering under the environmental conditions of northern Wyoming, or even in Mississippi [14] . The palmarosa plants were harvested at flowering. At this stage, the EO content is high and the EO composition is desirable. Both lemongrass and palmarosa plants were cut at 3-4 cm above the growth medium level and processed immediately for distillation. Both lemongrass and palmarosa were distilled fresh. The sample size for distillation was 500 g and included all aboveground plant parts, chopped to 3-4 cm (stems and leaves for lemongrass, leaves, stems, and inflorescences for palmarosa). The EO was extracted for 60 min using steam distillation in 2-L steam distillation units [14, 15] . The EO and accumulated water in the separator were transferred into glass vials and put in a freezer. The EOs were separated from the frozen water and the resulting oil samples were measured on an analytical scale, then stored in the freezer until analyzed using gas chromatography. The EO content (yield) was estimated as the gram of oil per gram of fresh biomass for both lemongrass and palmarosa.
Growth Medium and Distillation Waste Plant Tissue Analyses of Lemongrass and Palmarosa
The growth medium samples were taken at harvest in each of the experiments and analyzed as described in Zheljazkov et al. [13] . Briefly, six core samples were taken from each container immediately after harvest using a soil probe, composited, and sent immediately to the Soil Testing Laboratory of the American Agriculture Laboratory Inc. (https://www.amaglab.com/) (McCook, NE, USA) for the analyses of plant available nutrients, EC, and pH in growth medium. The concentration of plant-available nutrients in the growth medium was determined by extracting the samples with Mehlich 3 [16] .
The growth medium samples were analyzed following the procedures and methods in Brown [17] . The growth medium pH was measured in soil slurry potentiometrically using an electron pH meter [18] . The growth medium EC was measured in a 1:1 soil/water dilution slurry [19] . Growth medium organic matter was determined using the loss of weight on ignition method [20] . Potassium was determined by the NCR-13-exchangeable K procedure [21] ; Ca and Mg were determined by atomic absorption; Na was determined by emission [21] ; and cation exchange capacity was calculated using those values. The distillation waste plant tissue was collected at the end of each distillation, dried at 65 • C for 48 to 72 hours until dry, then sent to the American Agricultural Laboratory, Inc. (McCook, NE, USA) for nutrient analyses using common procedures for total elemental concentration in plant tissue.
Microbial Biomass and N Determination
Microbial biomass C (MBC) and N (MBN) were determined using 48-h fumigation followed by extraction with a 0.5 molar potassium sulfate (K 2 SO 4 ). Microbial BC and MBN were calculated as a the difference in dissolved organic C and N concentrations between fumigated and non-fumigated soils and multiplied by a fumigation coefficient of 0.35.
Gas Chromatography-Mass Spectrophotometer (GC-MS) Analysis of the EO
The lemongrass and palmarosa EOs from all treatments were sent to the commercial company Citrus and Allied Essences Ltd. which specialize in essential oil analyses. The samples were analyzed by using GC-MS methods and the conditions for analysis were identical to those previously described for lemongrass [14] .
Quantitative Analysis
Commercial standards (R)-(+)-limonene and (+)-δ-cadinene were purchased from Fluka (Switzerland); citral, (−)-trans-caryophyllene, and caryophyllene oxide were purchased from Sigma-Aldrich (St. Louis, MO). With five concentration points, an external standard least squares regression for quantification was used. Each specific analyte was used to formulate a separate calibration curve using MS total ion chromatogram (TIC) data. Linearity was imposed by using response factors and regression coefficients independently. Response factors were calculated using the equation RF = DR/C, where DR was the detector response in peak area (PA) and C was the analyte concentration. Since citral was available only as a mixture of E and Z isomers, the TIC area from both isomers was added together to generate the response factor used for the two individual isomers that were quantified separately.
The chromatograms of each of the EO samples from the field experiments were compared to the chromatograms from standards. Target analytes were confirmed by retention time and mass spectra. Confirmed integrated peaks were used to determine the percentage of each chemical constituent in the EO itself. The RF of the target chemical constituent was used to determine the percentage of oil for each sample using the equation PA/RF/C × 100 = % analyte in the oil on a wt/wt basis.
Statistical Analyses
For lemongrass, the effect of water (CBM, tap) and gypsum (0, 500, 1500, 4500 kg ha −1 ) on height, fresh weight, oil yield, and oil content; oil composition (6-Methyl-5-Hepten-2-one, Beta-Caryophyllene, Geranial, Geraniol, Geranyl Acetate, Isogeranial, Isoneral, and Neral); soil microbial indices (dissolved organic carbon [DOC] and dissolved organic nitrogen [DON] ); available nutrients in the growth medium (pH, Soluble salts, P, Nitrate, B, Ca, Cu, Fe, K, Mg, Mn, Na, S, and Zn); and nutrient content in the plant tissue from distillation waste [P, N, B, Ca, Cu, Fe, K, Mg, Mn, Na, S, and Zn) was determined by completing Analysis of Variance (ANOVA) of a 2 × 4 factorial design with three replications.
For palmarosa, the effect of Water (CBM, Tap) and Gypsum (0, 500, 1500, 4500 kg ha −1 ) on Height, Fresh weight, Oil yield, Oil content; oil composition (Beta-Caryophyllene, Geraniol, Geranyl Acetate, Linalool, and Trans-Ocimene); soil DOC, and DON; available nutrients in the growth medium (pH, Soluble salts, P, Nitrate, B, Ca, Cu, Fe, K, Mg, Mn, Na, S, and Zn); and nutrient content in the plant tissue from distillation waste (P, N, B, Ca, Cu, Fe, K, Mg, Mn, Na, S, and Zn) was determined by completing Analysis of Variance (ANOVA) of a 2 × 4 factorial design with three replications.
For each significant (p-value < 0.05) or marginally significant (0.05 < p-value < 0.1) effect, further multiple means comparison was completed by comparing the least squares means of the corresponding treatment combinations using the lsmeans statement of Proc GLM with pdiff option to produce p-values for all pairwise differences. Letter groupings were generated using a 5% level of significance. For each response, the validity of model assumptions on the error terms was verified by examining the residuals as described in Montgomery [22] . The statistical analysis was completed using the GLM Procedure of SAS [23].
Results
As expected, the CBMW and tap water had very dissimilar properties such as pH, EC, and in some cases, very different concentrations of various elements (Table 1) . Iron (Fe), Cu, and Mn were not quantified in the CBMW as their concentrations were below the detection limit, whereas these elements were quantified in the growth medium.
The effect of water (tap or CBMW) treatment was highly significant on lemongrass fresh weight (p = 0.001) and marginally significant on oil yield and isoneral concentration in lemongrass EO; whereas the interaction effect of water and gypsum was significant on geranyl acetate and marginally significant on the concentration of beta-caryophyllene in lemongrass EO (Table 2) . Similarly, the water effect was significant on palmarosa height (p = 0.042) and fresh weight (p = 0.045) and on concentrations of geraniol (p = 0.015) and geranyl acetate (p = 0.007) in palmarosa EO (Table 2) . Also, for both crops, water had a significant effect on soil microbial C flush only. Gypsum had a significant effect on beta-caryophyllene concentration in palmarosa EO (p = 0.043) ( Table 2) . Table 2 . ANOVA p-values for the main and interaction effects of Water and Gypsum on lemongrass and palmarosa Height (in), Fresh weight (FW, g), Oil yield (g), and Oil content (%); oil composition [6-Methyl-5-Hepten-2-one (%), Beta-Caryophyllene (%), Geranial (%), Geraniol (%), Geranyl Acetate (%), Isogeranial (%), Isoneral (%), Linalool (%), Neral (%), and Trans-Ocimene (%)]; and soil DOC (µg/g OD soil) and DON (µg/g OD soil). 
Response
Water Treatment: Lemongrass Experiment
For the lemongrass experiment, neither the main effects of water and gypsum nor their interaction were significant on the concentrations of soluble salts and growth medium-available Nitrate-N (Table 3) . Except for the growth medium available K in the lemongrass experiment, which was marginally affected by gypsum, the interaction effect of water and gypsum was marginally significant for B and Zn and significant for all other growth medium-available nutrients (Table 3) . Water treatment effect was significant on N, Ca, Mg, Na, and S content of lemongrass distillation waste tissue, while gypsum had a marginally significant and significant effect on K and Mn content of lemongrass distillation waste tissue, respectively ( Table 3 ). The interaction effect of water and gypsum was significant on the P, Fe, and Zn content of lemongrass distillation waste tissue (Table 3) .
Water Treatment: Palmarosa Experiment
For the palmarosa experiment, growth medium-available P and Na concentrations were significantly affected by both water and gypsum, and the effect of the gypsum treatment was also significant on growth medium-soluble salts (Table 3) . Furthermore, the main effects were significant on growth medium pH, B, Ca, Fe, Mg, Mn, and S (Table 3 ). In addition, the effect of water treatment was significant on growth medium-available Cu (Table 3 ). The interaction effect of water and gypsum was significant on growth medium pH and available B, Ca, Cu, Fe, Mg, Mn, S, and Zn (Table 3) .
Water significantly affected the P, Ca, Na, and S content of palmarosa distillation waste tissue, while the gypsum treatment significantly affected Ca, K, Mg, Na, and S content of palmarosa distillation waste tissue (Table 3) . No significant interaction of water and gypsum effects was observed for the nutrient content of palamrosa distillation waste tissue ( Table 3) .
The effect of water was significant on microbial C and N flush in palmarosa, but only on microbial C flush in lemongrass ( Table 2 ). The average DOC was higher with CBMW in both plants (Tables 4  and 5 ), but the average DON was higher with CBMW only in palmarosa (Table 5) . The application of CBMW reduced palmarosa plant height, fresh weight, and concentration of geranyl acetate in palmarosa EO (Table 5) . However, CBMW application resulted in increased geraniol concentration in palmarosa EO and increased growth medium-available P and Na (Table 5) . Also, the application of CBMW caused increased P, S, Mn, and Na and reduced Ca content in palmarosa distillation waste plant tissue (Table 5 ).
Gypsum Amendment: Lemongrass Experiment
Overall, the application of CBMW significantly reduced lemongrass oil yield, fresh weight, and the concentration of isoneral in lemongrass EO relative to the tap water treatment (Table 4) . Coal-bed methane water application also significantly decreased lemongrass distillation waste tissue concentrations of N, S, Ca, and Mg, while it significantly increased the Na concentration of lemongrass distillation waste tissue relative to the corresponding tap water treatments ( Table 4 ). The Na concentration in the lemongrass distillation waste tissue of the CBMW treatment was approximately eight times greater than that in the tap water treatment.
Lemongrass fresh weight was greater in the 0 and 500 kg ha −1 gypsum treatments than in the 4500 kg ha −1 gypsum treatment; however, lemongrass fresh weight in the 1500 kg ha −1 gypsum treatment was similar to the fresh weights in the 0, 500, and 4500 kg ha −1 gypsum treatments (Table 6 ). Growth medium-available K concentration and lemongrass plant tissue K and Mn contents were higher in the 4500 kg ha −1 gypsum treatment than in the 0 kg ha −1 gypsum treatment of the lemongrass experiment (Table 6 ). Overall, the growth medium pH of the lemongrass experiment was significantly higher in the CBMW treatment than in the tap water treatment (Table 7) . Gypsum application reduced growth medium pH in the CBMW treatment, but did not have an effect on growth medium pH in the tap water treatment. Gypsum application could not fully neutralize the alkaline growth medium pH caused by the application of CBMW.
Growth medium-available P was highest in the tap water with 4500 kg ha −1 gypsum treatment and lowest in the CBMW with 1500 kg ha −1 gypsum treatment of the lemongrass experiment (Table 7) . However, growth medium-available P in tap water with no gypsum was similar to growth medium-available P in all gypsum treatments with CBMW. The highest soluble B in the growth medium of the lemongrass experiment was in the CBMW with no gypsum application treatment; gypsum at 1500 or 4500 kg ha −1 reduced the available B in the CBMW treatments. However, gypsum application did not affect the available B in the tap water treatments ( Table 7) . As expected, growth medium Ca in the lemongrass experiment increased with increasing gypsum application. The increase in growth medium Ca was more pronounced in the gypsum applications with tap water treatment; growth medium Ca was always higher in the respective tap water with gypsum application treatments than in the CBMW treatments, suggesting that CBMW reduced the growth medium Ca (Table 7) . Growth medium-available Cu in the lemongrass experiment was significantly higher in the CBMW with no gypsum treatment than in all other treatments (Table 7) . Similarly, growth medium Fe was significantly higher in the CBMW with no gypsum treatment compared to the other treatments. These results suggest that while CBMW application may increase the available Cu and Fe in the growth medium, adding gypsum may negate this effect.
Growth medium Mg was highest in tap water with 500 and 1500 kg ha −1 gypsum and lowest in the CBMW with no gypsum treatment in the lemongrass experiment (Table 7) . Overall, the CBMW application reduced growth medium-available Mg in most gypsum treatments relative to the tap water application, except in the 4500 kg ha −1 gypsum treatment (Table 7) .
Growth medium Mn in the lemongrass experiment was highest in the tap water with 500 kg ha −1 gypsum treatment and lowest in the CBMW with 1500 and 4500 kg ha −1 gypsum treatments ( Table 7) . As expected, growth medium-available Na in the lemongrass experiment was significantly higher in CBMW with gypsum application relative to the tap water with gypsum application treatments ( Table 7) . Gypsum application increased the growth medium-available Na in the CBMW with 500 and 1500 kg ha −1 gypsum relative to the CBMW with zero and 4500 kg ha −1 gypsum treatments (Table 7) .
Also, as expected, gypsum increased growth medium-available S in the lemongrass experiment; the highest available S was found in the CBMW with 1500 and 4500 kg ha −1 gypsum treatments (Table 7) . Growth medium-available S was greater in the CBMW with 1500 and 4500 kg ha −1 gypsum treatments than in the corresponding tap water treatments, suggesting that CBMW application may increase S in the higher gypsum treatments. Growth medium-available S in the tap water with 500, 1500, and 4500 kg ha −1 gypsum treatments was similar to the CBMW with 500 kg ha −1 gypsum treatment (Table 7) .
Growth medium-available Zn in the lemongrass experiment was highest in the tap water with 500 kg ha −1 gypsum treatment and lowest in the corresponding CBMW treatment (Table 7) . Growth medium-available Zn was similar in all other treatments.
The concentration of geranyl acetate in the lemongrass oil was highest in the CBMW with 4500 kg ha −1 treatment and lowest in CBMW with no gypsum (Table 8 ). The concentration of beta-caryophyllene in lemongrass EO was highest in the CBMW with 4500 kg ha −1 gypsum treatment and lowest in the corresponding tap water treatment (Table 8) . Lemongrass distillation waste plant tissue P content was lowest in the tap water with 4500 kg ha −1 gypsum treatment and similar in all other treatments (Table 8) . Lemongrass distillation waste plant tissue Zn content was highest in the CBMW with 4500 kg ha −1 gypsum treatment and lowest in the CBMW with 0 and 500 kg ha −1 gypsum treatments (Table 8) . In all other treatments, lemongrass plant tissue Zn content was similar. Lemongrass distillation waste plant tissue Fe content was highest in the CBMW with 4500 kg ha −1 gypsum treatment and lowest in the CBMW with 500 kg ha −1 gypsum treatment (Table 8) . Table 8 . Mean content of Geranyl Acetate and Beta-Caryophyllene in lemongrass essential oil and mean nutrient content of plant tissue from distillation waste [phosphorus (P), zinc (Zn), and iron (Fe)] obtained from the eight combinations of water (coal-bed methane and tap) and Gypsum applications in the lemongrass experiment.
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Gypsum Amendment: Palmarosa Experiment
Gypsum application of 500 and 1500 kg ha −1 reduced the concentration of beta-caryophyllene in palmarosa EO ( Table 9 ). The amount of soluble salts in the growth medium was significantly higher at the 4500 kg ha −1 gypsum treatment than at the 0 or 500 kg ha −1 gypsum treatments (Table 9 ). Also, gypsum at 1500 and 4500 kg ha −1 increased growth medium-available Na relative to the no gypsum treatment (Table 9 ).
Gypsum at 4500 kg ha −1 increased palmarosa distillation waste tissue concentration of K relative to the 500 or 1500 kg ha −1 gypsum applications, increased distillation waste plant tissue concentration of S relative to the 0 or 500 kg ha −1 gypsum treatments, and also resulted in the highest Ca content in palmarosa distillation waste tissue relative to the 0, 500, or 1500 kg ha −1 treatments. The content of Mg in palmarosa distillation waste plant tissue was significantly higher in the no gypsum treatment than in the 1500 or 4500 kg ha −1 gypsum treatments; Fe content was highest in the 500 kg ha −1 gypsum and lowest in the 1500 kg ha −1 gypsum treatments; and Na content in palmarosa distillation waste plant tissue was highest in the 1500 kg ha −1 gypsum and lowest in the 4500 kg ha −1 gypsum treatments (Table 9) .
Also, in the palmarosa experiment, growth medium pH significantly increased with the application of CBMW, reaching 8.98 in the CBMW no gypsum treatment (Table 10 ). The application of gypsum at 1500 and 4500 kg ha −1 with the CBMW treatments reduced pH relative to no gypsum, indicating gypsum can alleviate to some extent the pH increase caused by CBMW application. Gypsum application had no effect on growth medium pH in the tap water treatments (Table 10) .
Growth medium B was highest in the CBMW with no gypsum treatment and lower in the other treatments (Table 10) . Generally, the application of high amounts of gypsum (1500 or 4500 kg ha −1 ) increased growth medium-available Ca and S relative to the no gypsum treatment in both CBMW and tap water treatments (Table 10 ). However, CBMW treatments had lower growth medium-available Ca relative to the corresponding tap water treatments. The reverse trend was observed in growth medium-available S, which was higher in the CBMW treatments relative to the available S in the corresponding tap-water treatments. Hence, the application of CBMW may increase S but reduce Ca in the growth medium. Overall, the growth medium-available Cu, Fe, and Mn were high in the CBMW with no gypsum treatment and low in most other treatments. Gypsum at 1500 and 4500 kg ha −1 increased growth medium-available Mg, while CBMW application reduced growth medium Mg relative to the respective tap water treatments (Table 10 ). The growth medium-available Zn was highest in the CBMW with no gypsum treatment and lowest in the tap water with no gypsum treatment (Table 10 ). Table 9 . Mean Beta-Caryophyllene content in palmarosa essential oil, growth medium-available nutrients [soluble salts, phosphorus (P), and sodium (Na)], and plant tissue nutrient content [potassium (K), sulfur (S), calcium (Ca), magnesium (Mg), iron (Fe), and Na] obtained from the four levels of gypsum (Gyp) application in the palmarosa experiment. 
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Discussion
In this study, fresh biomass yields from lemongrass and palmarosa were reduced by 20% and 12%, respectively, by the application of CBMW compared to tap water. The application of CBMW reduced the concentration of isoneral in lemongrass and the concentration of geranyl acetate in the palmarosa EO. These results are logical because the plants in the CBMW treatments were exposed to high pH, Na, and salts accumulation in the growth medium. Agricultural crops can be sensitive to pH but also to salt stress. Generally, environmental stresses are thought to affect secondary metabolites synthesis and accumulation in higher plants.
Coal-bed methane water quality may vary depending on the region and the particular well [24] . Some wells may have elevated concentrations of trace elements, which may depress normal plant growth and development. The CBMW used in this study represented the middle range for soil quality and was representative if not typical for the CBMW in the Powder River Basin.
There are some reports on the use of CBMW for irrigation of rangeland and forage plants [7, 25] . In a previous study with peppermint and spearmint, Zheljazkov et al. [13] demonstrated that horticultural crops grown on commercial medium could be watered with CBMW as long as it was mixed with half-good-quality (tap) water. Irrigating peppermint and spearmint with only CBMW reduced herbage yields and mint oil concentration compared to plants watered with tap water [13] . This study is the next logical step, using gypsum to mitigate the negative effect of CBMW on plant productivity and accumulation of plant secondary metabolites (EO). As indicated in Zheljazkov et al. [13] , care must be taken for the spent growth medium that was subject to CBMW irrigation; it accumulates salts and some nutrients above optimal levels for plant growth and development.
Recent studies with peppermint (Mentha x piperita L.) and spearmint (M. spicata L.) grown in growth medium [13] and with dill (Anethum graveolens L.) grown in field soil [12] , found that if plants were watered with CBMW, the chemical profile of plant chemicals may be altered slightly. Burkhadt et al. [10] in a field study reported that lemongrass and spearmint EO concentrations were significantly affected by CBMW. Sintim et al. [26] in a study with three cultivars of the oilseed camelina (Camelina sativa L.) grown in field soil reported that CBMW may have reduced total saturated fatty acids, but it had no effect on mono-and poly-unsaturated fatty acids. Since CBMW contains salts and several elements in elevated concentrations, it is difficult to separate which of these would be responsible for the observed effects on plant secondary (EO) and primary (FA) synthesis and accumulation. The summative effect of any of these factors may be different compared to a single effect of one factor (element or another characteristic of CBWM).
Lemongrass
The concentration of EO varied between 0.54 and 0.96%, and concentrations of the major oil constituents in the lemongrass study were similar to those reported previously. Idrees et al. [27] reported that the EO content of lemongrass irradiated with gamma-rays varied between 0.53 and 0.72% in fresh leaves, while the citral content in the oil varied from 40 to 56%. However, in their study, the distillation time was 3 h, which might have affected EO composition. Moncada et al. [28] used 2-h water distillation of chopped and ground lemongrass material. The EO content was 0.75% in dried (to 10% moisture) biomass, which is low and may have been due to EO losses during grinding prior to distillation. The main EO constituents in the lemongrass EO included citral (72.32%), myrcene (14.28%), farsenol (10.37%), and nerol (3.03%). Other authors reported oil content in lemongrass to vary between 0.55 and 1.03%, with 78-95% citral [29] ; however, some clones may have up to 1.5% oil concentration [30] . In a study in Mississippi with the same genotype of lemongrass, Zheljazkov et al. [14] reported EO concentration of 0.35 to 0.6% of the dried biomass, with major oil constituents neral (20-45%), geranial (25-53%), and caryophyllene oxide (1.3-7.2%). The latter authors extracted the oil via a 60-min steam distillation of 300 g of dried biomass using the same distillation setup as in this study. In another study in Mississippi with the same genotypes of lemongrass and palmarosa, Joyce et al. [31] reported a 0.61-0.67% oil concentration in lemongrass dried biomass.
Palmarosa
Rajeswara Rao and Rajput [32] distilled palmarosa for 3 h in a Clevenger-type glass apparatus, whereas in this study, the palmarosa oil was extracted for 60 min based on our preliminary studies. The palmarosa oil composition included 79.7-85.8% geraniol, 4.5-10.3% geranyl acetate, and 1.5-3.2% linalool [32] .
In another study with the same genotype of palmarosa as in this study, the EO concentration in dried biomass was reported to be 0.48-0.55%, from the first and the second cut, respectively, with geraniol as the main oil constituent [31] . They extracted the EO from dried palmarosa biomass for 60 min in a setup similar to this study. Previous reports found the concentration of geraniol in palmarosa oil to be 70-78% [33] , 82% [34] , and even up to 93% [35] . Geraniol concentration in palmarosa oil varied from 70% to 85% and geranyl acetate was 4-15% [33] . Essential oil with 82% geraniol and 10% geranyl acetate was reported previously [34] , and Rajeswara [35] reported EO with up to 93% geraniol, 3-4% linalool, and 2% geranyl acetate.
The above studies were conducted in various and different environmental conditions; oil concentration and composition of lemongrass and palmarosa may vary as a response to the environment and are a function of postharvest management such as oil extraction [36] .
Previous research demonstrated that lemongrass and palmarosa produce high yields of biomass under the environmental conditions found in the southeastern United States and could be used as lignocellulosic feedstock for ethanol production [14, 31] . Indeed, in a 2-year study in Mississippi, Joyce et al. [31] found that the biomass production of lemongrass was around 12.83 Mg ha −1 whereas the biomass yield of palmarosa was 15.11 Mg ha −1 during the second harvest year, which translated into theoretical biofuel yields of 2541 and 2569 L ethanol ha −1 respectively compared to a reported 1749-3691 L ethanol ha −1 for switchgrass.
Concluding Remarks
This study showed the feasibility of using low-quality CBMW and gypsum for irrigation of lemongrass and palmarosa. The production of a high-value natural product, such as EO from these two species, would offset some or most of the production costs and would provide double the benefit for growers and society, if these two crops could be developed as feedstock for biofuel production in the United States. This in turn would improve the agronomic, environmental, and economic sustainability of biofuel production in the United States while utilizing the low-quality CBMW. The use of CBMW along with gypsum for non-food biofuel crops would have further benefits to the environment and society. However, although the long-term effects of CBMW on soil and crops need to be further investigated, this study provides important, relevant practical information that could be used by field or greenhouse producers during their decision-making processes. 
